Introduction
The persistence of illegal, unreported and unregulated (IUU) fishing has been identified as a major factor contributing to the overexploitation of marine resources worldwide (FAO 2001) . Illegal fishing includes activities such as unlicensed fishing (including foreign fishing in national waters) and fishing that contravenes government regulations and international conventions. Unreported fishing involves undeclared catches or misleading reporting of catches, such as when exceeded quotas are not reported. Unregulated fishing involves fishing activities that are not managed. At the national level, IUU fishing has evolved as a result of ineffective management and inadequate surveillance and control, while at the international level IUU has developed as a result of inadequate governance arrangements for key areas of the high seas, including activities by vessels from nations that are not party to existing international arrangements (FAO 2001) .
The incentives to fish illegally are considerable because fines are generally small relative to the value of the illegal catch (Griggs and Lugten 2007) . Sumaila et al . (2006) estimate that, globally, the benefits of IUU fishing to the perpetrators far exceed the projected costs if caught, and that existing sanctions may need to be increased by a factor of 24 before IUU fishing becomes unattractive.
Although beneficial to the perpetrators, illegal fishing is costly to the countries in which it takes place. These include increased enforcement and monitoring costs aimed at deterring or capturing IUU fishers, losses in terms of reduced production of the domestic (legal) fishing sector, and losses in biodiversity and ecosystem health and services. Domestic productivity losses may be incurred directly through a reduction in the stocks of the species targeted by both legal and illegal fishers, or indirectly through changes in the ecosystem. For instance, the illegally caught organisms may be predators or prey of other commercially valuable species thus influencing those commercial populations. Relatively few attempts have been made to estimate these costs of illegal fishing, and these have been limited to the estimated value of the illegal catch (e.g. MRAG 2005) .
Illegal foreign fishing (IFF) is of particular concern in Australia. All fishing activities in the Australian Exclusive Economic Zone (EEZ) are regulated. Some unreported or illegal fishing activities are undertaken by Australian fishers, but IFF activity is considered of substantially greater concern (Department of Agriculture, Fisheries and Forestry 2005) .
For this article, we employed a trophodynamic ecosystem model to estimate both the direct and indirect impacts of IFF on the commercial fisheries and biological communities of the Gulf of Carpentaria, Northern Australia The model was developed using the Ecopath with Ecosim (EwE) software (e.g. Christensen and Walters 2004) . The EwE software has been well established in ecological analyses, 1 but there are only a few examples that have considered economic impacts (e.g. Sumaila and Vasconcellos 2000; Alasdair et al . 2002; Arrequín-Sánchez et al . 2004; Okey and Wright 2004) .
The remainder of the article is organised as follows. The commercial legal and illegal fishing activities in Northern Australia, and the Gulf of Carpentaria in particular, is described in Section 2. The key features of the EwE model is described in Section 3, while the results of the modelling analysis of the impacts of IFF in the Gulf of Carpentaria are presented in Section 4. The analysis considers the state of the legal commercial fisheries and stocks with and without IFF. Finally, the implications of the results for Australian fisheries and enforcement activities are discussed in Sections 5 and 6.
IFF in Northern Australia
In Northern Australia, a problem exists with regard to foreign fishing vessels illegally targeting sharks for their fins and red snappers. Shark fins are an attractive target for illegal fishing because dried fins attract a high price in Hong Kong and other Asian markets (Fong and Anderson 2002) . The fins can be dried on board and the boats do not require considerable storage space. Red snappers are similarly high valued species that are also believed to be targeted in Northern Australian waters by illegal foreign vessels. The market chain for red snapper is less well known that that of shark fins, but presumably the product is sold as fresh (chilled), requiring different fishing strategies to those used to harvest shark fins.
Surveillance and capture of foreign fishing vessels within the Economic Exclusion Zone (EEZ) of Australia's tropical northern marine domains suggests that the occurrence of foreign fishing vessels has increased considerably over the last two decades. The reputedly large catches by foreign fishing vessels in Australian waters has raised concern that shark and red snapper species in the region may be fished at unsustainable levels, potentially jeopardising the quality, value and longevity of some of Australia's most valuable legal fisheries.
The impact of IFF on Australian fisheries is both direct and indirect. Legal commercial fisheries for sharks and red snapper also exist in these areas, and IFF directly impinges on these resources. Many shark species are top predators that regulate the overall community. Depleting or removing sharks through overfishing is thus likely to result in considerable community changes, which in turn can cause changes in abundance of other important commercial species (Stevens et al . 2000; Myers et al . 2007 ). This may ultimately result in a reduction of the economic value of domestic fisheries and changes in the ecosystem structure.
The Gulf of Carpentaria fisheries
The modelling analysis was restricted to the Gulf of Carpentaria, which contains a number of high valued commercial fisheries and is also a known site of IFF activity. The Gulf of Carpentaria is a large (370 200 km 2 ), shallow (< 70 m) tropical marine embayment of Australia's northern coastline between Cape York Peninsula and the Wessel Island. While fully within the Australian Exclusive Economic Zone, the waters of the Gulf straddle three jurisdictions in terms of fisheries management: Commonwealth (federal) waters beyond 3 nautical miles (about 5.5 km) with Queensland and the Northern Territory responsible for fisheries in the inshore waters adjacent to their respective States.
The Gulf contains a number of (legal) commercial, recreational and indigenous fisheries. Table 1 ). The northern prawn fishery (a trawl fishery) is the dominant economic activity in the Gulf, although the value of the fishery has declined substantially over the last decade due to falling catches and prices (Table 1) . This fishery operates mostly in the Commonwealth waters, and extends beyond the Gulf to the Western Australian border.
Within the State waters, commercial activity is based on crabs, sharks, snapper, barramundi and Spanish mackerel, as well as a range of other species. For gillnet boats, sharks make up almost half the value of the catch, barramundi about one quarter, and a range of fish species the remainder. For line boats, mackerels are the dominant species by value, while crabs are the main target species of the pot fishers. Fish trawlers target snapper and a range of other fish species. Fishing effort in all State fleets has generally increased between 1990 and 2005, with a corresponding increase in catches (Table 1) .
Recreational and charter fisheries also have developed, targeting a similar set of species to those of the inshore commercial fisheries. Around 10 charter boats operate in the Gulf on average per year, catching between 45 and 50 tonnes of fish in total annually. Indigenous fishers also target a similar set of species as well as dugong and turtles, primarily for subsistence and ceremonial purposes. The indigenous catch was estimated to be around 590 tonnes a year, 570 tonnes of which was dugong.
Illegal shark fishing by Indonesian vessels in Australian waters increased during the 1990s in response to a sixfold increase in product value arising from access to the new export market in Hong Kong, and the subsequent depletion of stocks in Indonesian waters (Fox and Sen 2002; Briggs 2003; Vince 2007) . While capture in Australian waters may result in confiscation and destruction of the vessel, the low capital value invested in these vessels means that owners can cover this loss with two successful fishing trips, while the cost of any confiscated gear is incurred by the crew, who become indebted to the owners (Fox and Sen 2002). As a result, the risk to the vessel owner is relatively low, while lack of alternative employment opportunities that can offer equivalent wages means that there is a ready supply of crew members (Vince 2007) . In 1990, illegal catches of shark in the Gulf of Carpentaria were believed to be only around 10 per cent of the legal Australian catch. By 2005, illegal catches of shark were believed to be at least equivalent to those caught legally by Australian fishers.
The Gulf of Carpentaria model
The Gulf of Carpentaria model was developed as an Ecopath with Ecosim (EwE) model. 2 As with all EWE models, the Gulf of Carpentaria model is based on a number of functional groups (in this case 83). These functional groups covered the full range of animal and plant species in the Gulf, from primary producers (e.g. microalgae and seagrasses) through to higher trophic level species (e.g. sharks, seabirds and dolphins). Marine species were aggregated into these functional groups based on ecological 'guild' similarity criteria such as habitat, feeding type and diet, size, and rates of production and consumption. Energy in the form of biomass wet weight flows from the lower trophic levels to the higher levels though predation, and much of this biomass eventually returns to detritus through natural mortality unassimilated food and waste, and discarded bycatch ( Figure 1 ). Total biomass is generally greatest for the functional groups comprised of primary producers, and decreases as the trophic level increases (Figure 2 ). Fishing (both legal and illegal) extracts biomass from both higher and lower trophic levels, only some of which is returned to the system. The Ecopath model requires the assumption that the system is initially in equilibrium. Subsequent changes in the structure of the ecosystem over time is a result of biomass growth (related to the biomass of the species group), mortality (both as a result of fishing and natural mortality such as through predation and) and migration. With the exception of tuna and mackerel, it was assumed that there was no immigration or emigration for any species, so that all mortality and prey consumption occurred within the system.
The predator-prey diet matrix (i.e. the links among the different functional groups) was constructed primarily using wet weight prey data from quantitative dietary studies undertaken in northern Australia. Extensive dietary data existed for fishes, sharks and various crustaceans in the region. Where data were not available for specific functional groups, values from relevant studies conducted in similar tropical regions were used and cross-referenced with expert opinion (see Okey et al . 2007 ). As would be expected, the number of predator groups related to a prey species was highly correlated with the availability of the prey ( r = 0.7, Figure 2 ). Ten fishing activities were included in the model. The northern prawn fishery was split into two sectors -a banana prawn fishery and a tiger prawn fishery. While exploited by essentially the same set of boats, the two fisheries are separated seasonally, and target different sets of species in each season. The State commercial fisheries were aggregated by gear type into gillnet, line, pots and fish trawl fisheries. Non-commercial fishing activity was represented by charter boat, recreational and indigenous fisheries. Finally, an IFF fleet was included in the model. The fishing activities were modelled separately (i.e. rather than combined), each with differing catch compositions, effort patterns and cost structures.
Economic information in the model included the costs of fishing and the prices received. Cost data were derived from a number of sources for the respective fleet segments, and related to 2004 -2005 . Full details on fishing costs are presented in Okey et al . (2007) . Prices included in the model were also from 2004-2005, and were also derived from a number of sources and averaged over species to derive an average for the functional group.
3 For the non-commercial fleets, an assumption was made that the value of species caught by the recreation and charter boat fleets were 10 times those of the commercial fleets, following Okey and Wright (2004) . 4 The 'prices' relating to indigenous production were assumed to be the same as those received from commercial fishers. Given that the fish were for consumption, the alternative to catching fish is purchasing fish (or other food sources). Similar approaches have been employed in other studies valuing subsistence production (e.g. Gray et al . 2005) . For the non-commercial species (i.e. dugong and turtles), the average price for all fish and shellfish was applied on the assumption that the next best alternative food source is other marine species. For the illegal foreign vessels, the price of sharks was derived from the shark fin prices received (scaled up to a live-fish equivalent). These prices were found to be roughly equivalent to the prices received by Australian fishers, so adequately represent the opportunity cost. For other species caught by the illegal vessels, the Australian commercial price was applied.
Simulations and results
A number of simulations were run using the model. First, the ability of the model to replicate known changes in the fishery over time given 'known' fishing patterns was examined. The model was then used to determine the sensitivity of the results to different assumptions about the level and the trajectory of the illegal fishing activities, both of which were uncertain. The model was then used to estimate the impacts of the IFF on the ecosystem and legal fisheries through simulating the system with and without the illegal activity. Finally, the model was used to estimate the potential economic benefits to legal fisheries of stopping (IFF) from 2007.
The base year of the model simulations was 1990. This was chosen as reasonable information on the key biological features of the fishery existed from this time period, which pre-dated the substantial increase in IFF effort for shark. The EwE model requires that the base time period of the simulation period be in equilibrium, though not necessarily at a steady state. While equilibrium may be an unrealistic expectation for a multispecies multi-fleet fishery, it is a convenient starting point and the 15-year period to 2005 was assumed sufficient to ensure that the dynamics of the system were fully operational.
Validation and sensitivity
The effective fishing effort for each of the State commercial fleets (i.e. gillnet, line, pots and fish trawl) was estimated based on recorded boat days and changes in catch per unit effort over the period [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] (Figure 3 ). An assumption was made that changes in catch per unit effort over time reflected changes in fishing power and efficiency rather than improvements in stocks. For the Commonwealth northern prawn trawl fishery, effective effort estimates were derived from Rose and Kompas (2004) . For the illegal foreign fleet, fishing effort is believed to have increased 17-fold over the period 1990 -2005. The trajectory of this effort increase is unknown, so three assumptions were examined -a linear increase, an exponential increase and an asymptotic increase ( Figure 4) .
As with any analytical model, relative changes in model variables over the simulation period are more relevant than absolute values. The change in catch was estimated for each assumed IFF effort trajectory, and compared to the change in catch derived from recorded landings between 1900 and 2005 ( Figure 5 ). For most species, the estimated catch followed similar trends to the actual catch, and correlations where generally high ( Table 2 ). The key exceptions to this were the banana prawn catch and the line boats. Banana prawn catches are highly sensitive to environmental conditions, particularly rainfall (Vance et al . 2003) . The estimated banana prawn catches, by comparison, were relatively constant over the period. In absolute value terms, they were around the long-term average value (not apparent in Figure 5 as the actual catch in 1990 was below the long-term average), and this projection would represent the trophic component of the factors that drive the banana prawn population. Correlation between the estimated and recorded line catch appears to be more highly correlated in the latter half of the simulation period ( Figure 5 , Table 2 ). The discrepancies in the earlier years may be an artefact of the equilibrium assumption.
The different assumptions regarding the trajectory of the illegal fishing activity did not appear to result in substantially diverging outcomes. From Table 2 , the model estimates were relatively insensitive to the assumptions about the development of the illegal foreign fishery.
The absolute level, as well as trajectory, of IFF is uncertain. The sensitivity of the results to the magnitude of the IFF was examined by varying the level of effort by plus and minus 50 per cent, and comparing the estimated catches Estimated economic profit as a proportion of revenue was also relatively comparable with that derived from the survey data (Figure 7) . The major exception to this was the line fishery, which was estimated to be earning negative economic profits in the simulation (assuming linear foreign fishing effort growth). The economic profits from the gillnet fishery were also underestimated in the simulation. These shortfalls are largely a consequence of lower levels of revenue in the simulation results compared with the survey data, particularly for the line fleet.
The divergence in the model and survey estimates of revenue and profitability for the line fleet may be a consequence of the assumption of equilibrium in 1990. Between 1974 and 1986, Spanish mackerel -the main species caught by the line fishery -was heavily exploited by Taiwanese fishing vessels fishing in Australian waters (Zeroni 2006) . The fishery was believed to have stabilised by the mid-1990s (Zeroni 2006) . Part of the increase in survey-based estimates of revenue and catch, and the apparent high rate of efficiency change in the fishery between 1990 and 2005, may be due to stock recovery during the 1990s. In contrast, Spanish mackerel stocks were estimated to decline in the model over this same period.
The effect of IFF
The model was run over the period 1990-2005 removing all IFF, and the results compared to the model runs with IFF. For the simulations involving IFF, a linear increase in IFF effort was assumed for the purposes of comparison. As would be expected, the most significant impact of the IFF is on those fisheries that target shark (Table 3) . From the model, revenues from the gill net fleet may have been reduced by around 6 per cent between 1990 -2005 as a result of IFF, and fleet profits reduced by as much as 66 per cent. Given the relatively small profit margins in the fishery, a small change in revenue has a greater than proportional impact on profitability. Similarly, the profitability of the line fishery may have decreased by more than 100 per cent as a result of IFF (i.e. the estimated profits without IFF were positive, and with IFF were negative). Conversely, IFF appears to have increased the revenue and profitability of the tiger prawn, crab and fish trawl fisheries. These indirect impacts arise through changes in the ecosystem structure resulting from the increased pressure on, and subsequent decline of, the shark stocks. Extrapolating current effort levels 5 forward until 2020, both the positive and negative 5 Effort levels for all fleets except the northern prawn fishery were held constant at the 2005 level. Implicitly, this assumes that current controls on existing vessels are effective in containing fishing effort, while enforcement prevents the further expansion of IFF effort. For the NPF vessels, a buyback in 2006 reduced the fleet size and subsequently the level of fishing effort. impacts are estimated to increase as a result of the change in ecosystem structure (Table 3) .
The combined profits from the different commercial fisheries were estimated to be around 10 per cent lower as a result of illegal foreign fisheries. The estimated increase in profits in the northern prawn fishery was estimated to offset to a large extent the declines in profits in the other fishing activities. For the noncommercial fishing activities, 6 the 'value' of aboriginal landings is estimated to have been slightly reduced as a result of IFF, while landings by charter vessels and recreational fishers may have increased marginally. 6 Charter boats are considered non-commercial for the sake of simplicity. While they are profit making businesses, they are less reliant on the catch directly for their income. The ecosystem impacts of IFF are illustrated in Figure 8 . Only those species groups where biomass was estimated to change by 2 per cent or greater are depicted. The greatest negative impact is on blacktip sharks, the stock size of which is estimated to be over 90 per cent lower as a result of IFF by 2020. A number of non-commercial species benefits from the IFF, namely dolphins and some seabird species, presumably through greater availability of food (i.e. less competition with sharks). Cephalopod (i.e. squid and cuttlefish) and tuna stocks are projected to increase also, most likely as a result of reduced predation (Figure 8 ).
Benefits of stopping IFF
The potential benefits of stopping IFF were estimated by setting illegal foreign effort to zero from 2007 onwards, and comparing the final revenue and profit estimates to those from the simulation where IFF was assumed to continue at the current level.
As would be expected, the greatest benefits were estimated to accrue to those fishing activities that target sharks. The profitability of both the netting and line fleet was estimated to more than double by 2020 if IFF ceased in 2007 (Table 3 ) -moving from a situation of negative to positive economic profits. Conversely, those fleets that were estimated to benefit from IFF were estimated to incur a decrease in profitability if IFF ceased. The overall impact of stopping IFF, however, is estimated to be positive. Overall, fishery profits were estimated to be 13 per cent greater in 2020 as a result of ceasing IFF in 2007.
Ceasing IFF is also estimated to result in an increase in the level of aboriginal, recreational and charter catch (Table 3) . These increases effectively mirror the decrease in catch estimated to occur as a result of IFF activity (Table 3) . The species that is projected to gain the most in terms of biomass change is blacktip sharks, which was estimated to have a sevenfold increase in biomass in 2020 if IFF was stopped in 2007 ( Figure 9 ). Mackerel and sawfish stocks are also projected to increase, largely as a result of decreased bycatch. In general, the species that increased (or decreased) biomass from stopping IFF were those identified as incurring the greatest negative (or positive) impact as a result of IFF (Figure 7) .
Discussion
The model used in this analysis, like all models, includes a large number of assumptions that need to be taken into consideration when interpreting the results. The analysis largely assumes that economic parameters (i.e. prices and input costs) remain constant over time. While the most recent fall in prawn prices has been incorporated into the model, continuing expansion of the aquaculture industry may result in further declines in real prawn prices. Similarly, increasing fuel prices will increase the costs of fishing. These two factors could potentially have a greater impact on profitability in the fishery than the IFF.
The model also assumes effort is constant after 2005 (with the exception of the prawn fleet, which is constant after 2007). In the absence of IFF, the effort patterns may have been different to those observed in the presence of IFF as the operators would have been responding to a different set of incentives. Similarly, it is assumed that effort levels would remain constant at current levels in the future, whereas these would also change with changes in economic incentives. Where fisheries were adversely affected by IFF, it is likely that fishing activity would change, so the impact on profitability may be less than that indicated by the model. Further, changes in fisheries management will also affect future effort distributions in the fishery.
The absolute level of IFF is also not known. The effects of this uncertainty appear asymmetric, with the model results more sensitive to lower levels of illegal fishing effort than higher levels. If the actual level of IFF is lower than assumed in the analysis, then the benefits of removing this effort will also be correspondingly lower.
The model is also deterministic in nature, whereas fisheries are heavily influenced by environmental factors that are not captured in this model (e.g. rainfall, temperature). Prawn fisheries in particular are affected by environmental conditions, with banana prawn stocks varying substantially from year to year. Climate change will also affect the future development of the fishery (both the ecology and the economy).
Despite the limitations of the model, the results are largely consistent with a priori expectations. Shark stocks are projected to decline over time due to current trends in illegal fishing, but they are projected to increase if IFF is stopped. The fishing fleets most dependent on shark are the most affected by the IFF. The estimated changes in output from the main fleets corresponds reasonably well with the known changes in output for the fleets over the period [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] , with the exception of the line fishery that appears to be underestimated in the model.
The analysis suggests that IFF has had a substantial negative impact on the gillnet and line fisheries, but may have had a positive impact on the other fisheries in the Gulf. Overall, IFF may have reduced total revenues by about $1 m in 2004-2005 (i. e. a 1.1 per cent reduction in total revenue), and may have reduced profitability in the fisheries by around 10 per cent.
The impact of the IFF on the prawn fisheries is at odds with a priori expectations. Earlier ecosystem modelling work in the Weipa region on the east coast of the Gulf of Carpentaria suggested that the removal of some shark species might cause the depletion of prawn stocks because of indirect effects that cascade through biological communities (Okey 2006) . In this study, the reverse effect was observed, with prawn stocks increasing as a result of the IFF activity, resulting in increases in revenue and profitability of the fishery. Although blacktip sharks are a predator of both tiger and banana prawns, prawn predation accounts for only around 2 per cent of their diet, and the sharks account for only 0.1 per cent of the total prawn predation. Many of the main shark prey species are also not predators of the prawns. For example, over 60 per cent of the blacktip shark diet consists of sardines, tunas and mullets, none of which are predators of prawns. Ponyfish contribute a further 12 per cent to the diet of blacktip sharks, but less than 0.1 per cent of their diet consists of prawn species, and account for only 1 per cent to the total prawn predation.
The impact of IFF on the prawn stocks may, however, be through the discarded species. The trevallies and barramundi species group, and the cobia, grouper and jacks species group account for around 26 per cent of total prawn predation. These groups are both believed to be caught and discarded as bycatch by the illegal foreign fleet. The additional fishing pressure on these groups through the IFF activity may have had beneficial effects on the prawn fishery.
Ceasing IFF in 2007 was estimated to increase annual profits in the Gulf by as much as 13 per cent by 2020 (relative to continuing IFF), assuming Australian fishing effort does not increase to dissipate these potential gains. Ceasing IFF is also projected to result in recovery of the blacktip shark, mackerel and billfish stocks, the latter two of which are caught as bycatch by the illegal foreign fleet. Stocks of other species are largely unaffected. However, recovery of depleted stocks is not always assured in reality. In some cases, the ecosystem may find alternate stable states. Failure of cod stocks to recover in Newfoundland and the North Sea are typical examples where reducing fishing pressure does not guarantee stock recovery (Schrank 2005; Pascoe and Burnett 2007) .
Controlling IFF, however, is complex. The potential returns are high to the boat owners, and the cost of capital invested in the fishery is low. The crew have few alternative employment opportunities in their home regions that can match the potential gains of illegal fishing in Australian waters. Even with confiscation of the vessel and gear, the cost of apprehension to the vessel owners is low, and the crew usually incur the cost of any gear lost (Fox and Sen 2002) . Often, the only way the crew can re-pay the resulting debt is to continue to fish illegally (Fox and Sen 2002) .
In contrast, the cost of preventing IFF is considerable. Roughly $80 m a year has been allocated to surveillance, apprehension, transportation, processing and accommodation of the several thousand illegal foreign fishermen detained each year over the period 2006-2007 to 2008-2009. 7 While this is for all Australian waters, much of the activity currently occurs in Northern Australia, of which the Gulf is a key area. Although the cost of enforcement of the Australian EEZ appears high relative to the costs imposed on the fishing industry identified in this study, maintaining sovereignty of territorial waters and environmental conservation are additional consideration over and above the fisheries related benefits. Further, IFF could have conceivably been higher in the absence of such enforcement, with subsequently greater costs to the fishing industry.
The surveillance program currently operating in Northern Australia has been successful in apprehending a number of illegal foreign vessels, and there is evidence that the level of IFF effort has declined by as much as 80 per cent since the end of 2005 . Had this program not been in operation, it is unclear how much greater IFF may have been, and correspondingly, how much lower Australian production may have been.
Longer term measures to reduce IFF in Northern Australia will need to include the development of incentives to undertake activities other than IFF. This may be through regional development projects that provide alternative employment opportunities, and increase the opportunity cost of participating in illegal fishing.
Conclusions
IFF in the Gulf of Carpentaria is estimated to have had a significant negative economic impact on several State fisheries, and also to have contributed to the decline in shark populations in the Gulf. While the costs to the fishing industry imposed by the IFF activity appear relatively low, these may have been substantially higher had not the current enforcement measures been in place.
The model results for the State line and gillnet fisheries are, reassuringly, similar to what could be predicted without the use of such a complicated model. The key advantages of using such a model is that unexpected results, such as the impact on the prawn fleets, could not be predicted as they are a consequence of a complex set of interactions at the biological level.
The model results suggest that the system may return to its pre-1990s state if IFF ceases (other legal fishing pressures not withstanding). While this suggests that any ecosystem changes that have occurred may be reversible, the model does not allow for hysteretic effects that may exist in real life. As a result, recovery from the current position is not guaranteed, while further deviations from the current position through continuing IFF is likely to increase the probability that the system will not recover to its pre-1990s state.
The solution to the IFF problem, however, is unclear. Enhanced surveillance activity may increase the deterrent, but the low opportunity cost of both capital and labour will most likely still result in incentives to undertake illegal fishing. Shore-based solutions in-country may provide greater benefits through providing alternatives for the fishers, thus increasing their opportunity cost of participating in the illegal fishing activity.
